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The balance between feeling and knowing:
affective and cognitive empathy are reflected
in the brain's intrinsic functional dynamics
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Affective empathy (AE) is distinguished clinically and neurally from cognitive empathy (CE). While AE is selectively disrupted
in psychopathy, autism is associated with deficits in CE. Despite such dissociations, AE and CE together contribute to normal
human empathic experience. A dimensional measure of individual differences in AE ‘relative to’ CE captures this interaction and
may reveal brain—behavior relationships beyond those detectable with AE and CE separately. Using resting-state fMRI and
measures of empathy in healthy adults, we show that relative empathic ability (REA) is reflected in the brain's intrinsic functional
dynamics. Dominance of AE was associated with stronger functional connectivity among social-emotional regions (ventral an-
terior insula, orbitofrontal cortex, amygdala, perigenual anterior cingulate). Dominance of CE was related to stronger connectivity
among areas implicated in interoception, autonomic monitoring and social-cognitive processing (brainstem, superior temporal
sulcus, ventral anterior insula). These patterns were distinct from those observed with AE and CE separately. Finally, REA and
the strength of several functional connections were associated with symptoms of psychopathology. These findings suggest that
REA provides a dimensional index of empathic function and pathological tendencies in healthy adults, which are reflected in

the intrinsic functional dynamics of neural systems associated with social and emotional cognition.
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INTRODUCTION

Empathy, the ability to understand and identify with the
feelings or emotional states of others, is multidimensional,
comprising both affective and cognitive components
(Deutsch and Madle, 1975). Although the literature has
yet to agree on a precise definition of these constructs, a
consensus has emerged that views affective empathy (AE)
as the ability to share the emotional experiences of others,
i.e. a visceral reaction to their affective states; while cognitive
empathy (CE) denotes the ability to take the mental perspec-
tive of others, allowing one to make inferences about their
mental or emotional states (Shamay-Tsoory, 2011). AE
and CE are dissociably disrupted in psychiatric illness.
Psychopathy, schizophrenia, depersonalization and nar-
cissism are characterized by deficits in AE but not CE
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(Blair, 2005; Lawrence et al, 2007; Shamay-Tsoory et al,
2007; Jones et al., 2010; Ritter et al, 2011). Conversely,
autism, bipolar disorder and borderline traits are associated
with impairment in CE but not AE (Dziobek et al., 2008;
Shamay-Tsoory et al, 2009a; Harari et al, 2010).
Concomitant deficits in both domains (Lough et al, 2006),
along with abnormal patterns of intrinsic functional con-
nectivity (Zhou et al, 2010), occur in fronto-temporal de-
mentia. Even among non-clinical populations, the balance
between AE and CE varies from one individual to the next,
uniquely defining the human empathic experience for each
person (Kerem et al., 2001).

Brain lesion studies provide insight into the neurobiology
of dissociable AE and CE deficits. For example, bilateral
amygdala damage (Hurlemann et al., 2010) and localized
damage to the inferior frontal cortex/anterior insula select-
ively disrupt AE (Shamay-Tsoory et al., 2009b). Conversely,
CE is selectively disrupted with medial prefrontal cortex le-
sions (Shamay-Tsoory et al., 2009b), as well as normal aging
(Bailey et al., 2008). Interestingly, oxytocin, a peptide impli-
cated in prosocial and parenting behaviors (Skuse and
Gallagher, 2011), enhances AE but not CE (Hurlemann
et al., 2010), further highlighting a biological basis for dis-
sociable empathic domains.

© The Author (2011). Published by Oxford University Press. For Permissions, please email: journals.permissions@oup.com
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Neuroimaging studies typically highlight brain regions
implicated in empathy more generally (Carr et al, 2003;
Zaki et al., 2009; Decety, 2010; Fan et al., 2011) often due
to a lack of agreement regarding the terminology and cog-
nitive constructs employed [e.g. empathy for pain (Decety,
2010), Theory of Mind (ToM) (Saxe, 2006), automatic vs
controlled empathy (Fan et al., 2011)]. Nonetheless, several
studies point to distinctions in the neural correlates of AE
and CE. During a social-emotional task, activation in infer-
ior frontal gyrus, supramarginal gyrus and superior temporal
sulcus was related to CE, while activation in precentral gyrus
was associated with AE (Hooker et al., 2010). In addition, AE
as opposed to CE tasks preferentially recruit the insula,
brainstem, inferior parietal lobule, thalamus (Nummenmaa
et al., 2008) and medial orbitofrontal cortex (OFC) (Hynes
et al., 2006).

Here, we report a novel approach to examining the neural
correlates of empathy that: (i) demonstrates the utility of
examining individual differences in the balance between
AE and CE rather than the two domains individually and
(ii) overcomes the lack of agreement regarding appropriate
task probes by using resting state functional magnetic reso-
nance imaging (R-fMRI). R-fMRI approaches characterize
the intrinsic functional dynamics and connectivity of
brain networks while avoiding some of the constraints of
task-based approaches (Biswal et al, 1995; Greicius et al.,
2003; Fox and Raichle, 2007; Cole et al., 2010). Networks
identified using resting-state functional connectivity (RSFC)
methods demonstrate strong correspondence with networks
of coactivated brain regions detected across myriad task
paradigms, suggesting that they constitute intrinsic represen-
tations of the brain’s functional repertoire (Toro et al., 2008;
Smith et al., 2009). Recently, R-fMRI approaches have been
applied to the study of brain—behavior relationships, demon-
strating robust relationships between individual differences
in measures of personality traits and behavior and individual
differences in RSFC (Andrews-Hanna et al, 2007;
Di Martino et al., 2009; Cox et al., 2010; Hoptman et al.,
2010a). Here, we applied this brain—behavior approach to
examine the extent to which individual differences in AE
and CE are reflected in the brain’s intrinsic functional
dynamics, using R-fMRI data collected from 38 healthy
adults.

We used the Interpersonal Reactivity Index (IRI), a widely
used self-report, multidimensional measure of dispositional
empathy (Davis, 1980, 1983). More specifically, we used the
Empathic Concern (EC) and Perspective Taking (PT) sub-
scales of the IRI to measure AE and CE, respectively (Davis,
1983; Rankin et al, 2006). The EC subscale reflects one’s
affective reaction to others’ emotions, while the PT subscale
denotes the tendency to take the mental perspective of others
(Davis, 1980, 1983). Several studies support the construct
validity of these subscales as indices of AE and CE.
Specifically, EC scores are correlated with measures of emo-
tionality, concern for others and affective empathy. PT
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scores, on the other hand, are related to measures of social
competence, other-oriented sensitivity and cognitive em-
pathy (Davis, 1983; Davis et al., 1994; de Corte et al., 2007).

Rather than examining AE and CE individually, we
devised an IRI-based measure called relative empathic ability
(REA) to assess individual differences in the balance between
AE and CE. REA is the difference between the EC and PT
subscales, and as such, reflects the dominance of one type of
empathic ability over the other, rather than absolute em-
pathic ability. Our focus on individual differences in the
‘discrepancy’ between AE and CE was motivated by studies
demonstrating that a number of psychiatric disorders are
characterized by a dissociation between abilities in one
domain relative to the other (i.e. impaired CE but not AE
and vice versa) (Blair, 2005; Lawrence et al, 2007;
Shamay-Tsoory et al, 2007, 2009a; Dziobek et al., 2008;
Harari et al., 2010; Jones et al., 2010; Ritter et al., 2011).
Accordingly, in addition to exhibiting brain—behavior
relationships related to REA, we predicted that those
individuals exhibiting the greatest discrepancy between AE
and CE would also exhibit the highest levels of pathological
traits.

Prior studies have implicated numerous brain regions in
empathic processing (Carr et al., 2003; Zaki et al, 2009;
Decety, 2010; Fan et al., 2011), making a priori selection of
a comprehensive set of regions of interest (ROIs) for RSFC
analyses difficult. Thus, similar to prior work (Lui et al.,
2010; Kelly et al., 2011), we used an unbiased, data-driven
method to define relevant ROIs for subsequent seed-based
RSFC analyses. Specifically, we examined the relationship
between REA scores and a voxel-wise frequency-domain
measure of BOLD signal dynamics, fractional amplitude of
low-frequency fluctuations (fALFF) (Zou et al., 2008). fALFF
quantifies the power of low-frequency (0.01-0.1 Hz) BOLD
fluctuations relative to the total power across all measurable
frequencies in the BOLD time series. As opposed to func-
tional connectivity, a measure of the ‘relationships’ between
patterns of intrinsic activity across different brain regions,
fALFF is a ‘regional’ measure, reflecting the temporal
dynamics of the BOLD signal (i.e. signal variability) at
each voxel in the brain. It is analogous to time-domain
measures of band-passed BOLD signal standard deviation
(Kannurpatti and Biswal, 2008; Garrett et al, 2010). fALFF
is strongest in gray matter and has been shown to be highly
reliable across both short and long test—retest intervals (Zuo
et al., 2010). Abnormal fALFF has been observed in neuro-
logical psychiatric disorders (Hoptman et al., 2010b; Han
et al., 2011) and is also associated with functional brain ac-
tivity in task-based fMRI paradigms (Zhang and Li, 2010).
Importantly for the current study, fALFF is associated with
individual differences in behavior (Mennes et al., 2011) and
personality traits (Kunisato et al, 2011a, b). In the current
study, fALFF analyses identified brain regions whose intrin-
sic dynamics were associated with individual differences in
REA. Areas exhibiting maximal REA—fALFF relationships
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Fig. 1 Each participant’s (n = 38) absolute affective empathy (AE; blue) and cognitive empathy (CE; green) scores are plotted, with their relative empathy score (REA) (CE minus

AE; gradient from blue to green) displayed below the x-axis. Negative scores indicate a
cognitive (CE > AE).

were then used as ROIs for subsequent analyses examining
the relationship between REA scores and voxel-wise
whole-brain RSFC.

Finally, since deficits in empathy, particularly discrepan-
cies between AE and CE, have been reported across multiple
disorders with distinct psychopathologies, we investigated
the correlation between REA and its associated brain—behav-
ior relationships and measures of a broad range of symptoms
of psychopathology (e.g. interpersonal sensitivity, depres-
sion, anxiety, paranoia, psychoticism, hostility). Since em-
pathic deficits have also been associated with more specific
pathological traits, such as increased impulsivity, aggression
and antisocial behavior (Miller and Eisenberg, 1988; Reniers
et al., 2011) as well as autistic traits (Dziobek et al., 2008), we
also examined correlations with measures of impulsivity,
aggression and autistic traits. All of these analyses were
repeated for AE and CE scores separately to determine
whether unique information is provided by REA.

MATERIALS AND METHODS

Participants

Thirty-eight healthy adults (20 female; mean age=30.0,
s.d. = 8.5 years) with no history of neurological or psychi-
atric illness (confirmed by psychiatric interview) were se-
lected from a larger sample of healthy adults participating
in ongoing studies conducted by our group. Selection was
based on participants having completed the IRI question-
naire and at least one motion-free resting-state scan. The
study was approved by the NYU institutional review
boards, and prior written informed consent was obtained
from all participants according to the Declaration of
Helsinki. Data from these participants (publicly available
for download at http://fcon_1000.projects.nitrc.org) have

dominance of affective empathy (AE > CE), and positive scores indicate a dominance of

been reported in prior published studies (Di Martino
et al., 2009; Shehzad et al., 2009; Zuo et al., 2010).

REA

Participants completed the IRI, a self-report, well validated,
multidimensional measure of empathy (Davis, 1980, 1983),
comprising four subscales: two indexing affective empathy
(Empathic Concern, Personal Distress), and two indexing
cognitive empathy (Perspective Taking, Fantasy). Several
studies have reported concerns regarding the reliability
and validity of the Personal Distress and Fantasy subscales
(Baron-Cohen and Wheelwright, 2004; Rankin et al., 2006).
Accordingly, and consistent with prior studies (Rankin ef al.,
2006; Shane et al, 2009; Ritter et al,, 2011), we did not
include the Personal Distress or Fantasy subscales in our
analyses, but instead relied on the EC and PT subscales as
demonstrably valid measures of AE and CE.

We used the difference between PT and EC subscales
(PT minus EC) as an index of an individual’s REA (CE
minus AE). Negative difference scores indicated a domin-
ance of AE and positive scores indicated a dominance of
CE (Figure 1). For consistency with previous work (Harari
et al., 2010), we focused on the difference between these two
subscales. One possible concern that may arise with the use
of a difference measure is that it may be driven by an indi-
vidual’s total empathy (CE + AE). We found no evidence of
such a correlation between REA and total empathy across
subjects [7(36) = —0.18, P=10.29]. We considered the alter-
native approach of using a ratio measure (e.g. CE/AE),
though found the two measures to be nearly identical
[7(36) =0.96, P<0.0001]. Given concerns about the reliabil-
ity of ratio measures, especially when the individual compo-
nents are non-independent (Arndt ef al., 1991), we opted to
use a difference score. Though not a concern in the current
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study, this may be particularly relevant when investigating
REA in populations with more extreme high or low CE and
AE scores, as found in various psychopathologies.

REA, as a relative measure, reflects the dominance of
one type of empathic ability over the other (e.g. AE>CE).
As such, REA does not reflect absolute levels of empathic
ability; an individual can have high scores (or low scores) on
both AE and CE scales, resulting in an REA score of zero and
indicating no discrepancy between AE and CE abilities.
Although certain disorders have been associated with deficits
in both AE and CE (i.e. frontotemporal dementia; Lough
et al, 2006), the majority of reported empathic deficits
across various neuropsychiatric disorders have been charac-
terized by discrepancy between the two domains. This dis-
crepancy can be observed as a deficit (e.g. impaired AE but
not CE in schizophrenia; Shamay-Tsoory et al., 2007) or as
disproportionately higher scores (e.g. increased AE but not
CE in borderline personality disorder; Harari et al, 2010).
We therefore focused on REA in order to capture brain—be-
havior relationships associated with this discrepancy in a
healthy population. As REA does not capture brain-behavior
relationships associated with absolute levels of empathic
ability, we also include supplemental analyses investigating
AE and CE separately (see below) to fully characterize these
relationships.

Data acquisition

Images were collected on a Siemens Allegra 3-T scanner.
An R-fMRI scan (197 echo planar imaging (EPI) volumes;
repetition time (TR)=2000ms; echo time (TE)=25ms;
flip angle=90" 39 slices; field of view (FOV)=192 mm;
voxel size=3 x 3 x 3mm) and an magnetization prepared
rapid gradient echo (MPRAGE) anatomical image
(TR =2500ms; TE = 4.35ms; inversion time (TI) =900 ms;
flip angle =28 176 slices; FOV =256 mm) were acquired.
For 33 participants, the rest scan from their first scanning
session was used; for the remaining 5, the scan from a second
session was included (due to excessive motion in the first
scan). Scan session (1 or 2) was modeled as a nuisance
covariate in all analyses.

Preprocessing

Data processing was performed using Analysis of Functional
NeuroImages (AFNI; http://afni.nimh.nih.gov/afni) and
FMRIB Software Library (FSL; http://www.fmrib.ox.ac.uk).
Image preprocessing comprised slice time correction; 3D
motion correction; despiking (removal of extreme time
series outliers); spatial smoothing (FWHM: 6mm);
mean-based intensity normalization of all volumes by the
same factor and linear and quadratic detrending. Temporal
filtering was not used for fALFF analyses (see below).
Temporal bandpass filtering (0.009-0.1 Hz) was imple-
mented for RSFC analyses (also see below). Linear registra-
tion of the MPRAGE anatomical image to the MNI152
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template (FSL FLIRT) (Jenkinson et al, 2002) was refined
using FNIRT nonlinear registration (Andersson et al., 2007).

For RSFC analyses only, we regressed each participant’s
4D pre-processed volume on nine nuisance signals (white
matter, CSF, the global signal and six motion parameters).
Each participant’s resultant 4D residuals volume was spatial-
ly normalized by applying the transformation to MNI152
standard space (resolution =2 mm®).

fALFF and REA

For each participant, we calculated fALFF (Zuo et al., 2010;
Mennes et al., 2011), a voxel-wise measure of local BOLD
signal dynamics that emphasizes potentially meaningful
low-frequency fluctuations over higher frequency signals
that likely reflect physiologic noise and pulsatile motion.
fALFF is a periodogram-based measure, calculated as the
total power within the low frequency range (0.01-0.1 Hz),
divided by the total power detectable across the periodogram
(maximum frequency =0.25Hz). fALFF values were trans-
formed into Z-scores prior to group analyses (Zuo et al.,
2010).

Group-level analyses were performed using a mixed-
effects model (FSL flameo; ordinary least squares) with
REA scores as a covariate of interest and three nuisance
covariates (age, sex, scan session). This analysis produced
a Z-statistic map of voxels in which fALFF exhibited sig-
nificant variation in association with REA. Cluster-based
correction for multiple comparisons was performed using
Gaussian random field theory (Z>2.3; cluster significance:
P<0.05 corrected). Peak locations (i.e. local maxima of
the correlation between fALFF and REA, detected with
3dmaxima; minimum 20 mm apart) were used to define
seed regions for RSFC analyses.

RSFC and REA

Group-level fALFF-REA analyses yielded 10 peaks, the co-
ordinates of which formed the centers of spherical seed ROIs

Table 1 Peak coordinates from brain regions with significant fALFF—REA
relationships

Region Hemisphere  Peak coordinates fALFF—REA
relationship
X y z
Orbitofrontal cortex R 24 8 —20 AE>CE
Amygdala L -20 0 —22 AE>CE
Anterior insula L —42 14 —12 AE>C(E
Anterior insula/temporal pole R 44 10 —14 AE>CE
Mid-posterior insula R 4 -8 0 AE>CE
Parahippocampal gyrus L —16 =32 —18 AE>C(E
Brainstem (pons) L -2 =34 =24 AE>C(E
Brainstem (medulla) Bilat 0 —34 —44 AE>CE
Thalamus L =20 -2 12 (E>AE
Putamen L —24 10 8 (E>AE

Coordinates are reported in MNI152 space.
L, left; R, right; Bilat, bilateral.
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(radius =4 mm) (Table 1; Supplementary Figure S1). For
each participant, and each ROI, we extracted the mean
time series across voxels falling within that ROI and per-
formed a correlation analysis using AFNI (3dfim+).
Resultant correlation maps were transformed to standard
space. Scripts containing a similar sequence of process-
ing commands are available via the 1000 Functional
Connectomes Project (Biswal et al, 2010) (http://www
.nitrc.org/projects/fcon_1000).

Group-level analyses for each seed ROI were performed
using a mixed-effects model implemented in FSL flameo (or-
dinary least squares) that included REA scores as a covariate
of interest and three nuisance covariates (age, sex, scan
session). This group-level analysis produced thresholded
Z-statistic maps of voxels whose RSFC with the seed ROI
exhibited significant variation in association with REA.
Cluster-based statistical correction for multiple comparisons
was performed using Gaussian random field theory (Z>2.3;
cluster significance: P<0.05 corrected).

fALFF and RSFC with AE and CE individually

Although REA and its neural correlates were our primary
focus, additional fALFF and RSFC analyses were also
performed including the separate empathy subscales (i.e.
AE and CE) as covariates. Methods for fALFF-AE and
fALFF—CE analyses were identical to those for fALFF-REA,
except that demeaned AE scores and demeaned CE scores
were entered as covariates in separate group-level models.
Three spherical seed ROIs (radius=4mm) were defined
centered on the peak voxel coordinates from the
fALFF-AE and fALFE-CE group analyses (Supplementary
Table S1 and Supplementary Figure S2). Methods for
RSFC-AE and RSFC-CE analyses were identical to those
for RSFC-REA, except that demeaned AE scores and de-
meaned CE scores were entered as covariates in separate
group-level models.

REA, pathological traits and intrinsic brain dynamics

As part of a comprehensive clinical and cognitive evaluation
carried out on all participants, a battery of questionnaire
measures of behavioral and psychopathological traits was
collected. Since deficits in empathy, particularly discrepan-
cies between AE and CE, have been reported for multiple
psychiatric disorders (e.g. psychopathy, depersonalization,
narcissism, autism, schizophrenia, bipolar disorder and bor-
derline traits), we investigated the relationships between REA
and its associated functional connectivity patterns and meas-
ures of relevant pathological traits collected as part of the
questionnaire battery. Specifically, we computed Pearson
correlations between REA scores and scores on the Social
Responsiveness Scale-Adult Version (SRS-A; available for
18 participants), an informant measure of autistic traits
(Constantino, 2002); the Barratt Impulsiveness Scale (BIS;
available for 37 participants), a multidimensional self-report
measure of general impulsiveness (Patton et al., 1995); and
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the Buss—Perry Aggression Questionnaire (BPAQ; available
for 34 participants), a widely used self-report measure of
trait aggression (Buss and Perry, 1992). Due to a non-normal
distribution of scores, non-parametric Spearman correlation
analyses were carried out between REA and the Symptom
Checklist-90-Revised (SCL-90-R; available for all 38 partici-
pants), a self-report measure of a broad range of psycho-
logical problems and symptoms of psychopathology
(Derogatis, 1994). To account for the number of tests
(SRS-A Total score, BIS Total score, BPAQ Total and four
subscale scores, SCL-90 10 subscale scores), a Bonferroni
correction (P<0.05/17 tests =0.003) was applied to all ana-
lyses. Analyses were repeated for each empathy subscale
(AE and CE) separately to determine whether REA provided
information beyond the two domains individually.

We further determined whether pathological traits
exhibiting significant correlations with REA also exhibited
similar brain—behavior relationships. fALFF and RSFC
values were extracted for clusters exhibiting significant rela-
tionships with REA, then correlated with trait measures that
exhibited significant relationships with REA.

RESULTS
AE, CE and REA

Participants reported absolute AE and CE scores similar to
previously reported norms (Davis, 1980) [mean AE=20.1
(s.d. 4.5); mean CE =19.6 (s.d. 3.8)], which were moderately
correlated [r (36) =0.41, P<0.01]. REA scores (CE minus
AE) ranged from —11 to +8, reflecting a distribution of
dominance in AE [—] or CE [+] across our participants
(Figure 1).

There were no gender differences in absolute or relative
empathy scores; nonetheless, sex (as well as age) was
included as a covariate in all group-level brain-behavior
analyses.

fALFF and REA

We employed an unbiased, data-driven method to identify
candidate regions for subsequent investigations of the rela-
tionship between intrinsic functional connectivity and REA.
As a first step, we identified brain areas whose intrinsic func-
tional dynamics, as measured by fALFF (Zou et al., 2008,
2010), were associated with individual differences in REA.
This yielded a map of regions in which fALFF varied as a
function of individuals’ self-reported relative strength in AE
or CE.

We observed fALFF-REA brain—behavior relationships in
bilateral insula, temporal poles, OFC, brainstem and cerebel-
lum, and in left putamen, thalamus, amygdala and parahip-
pocampal gyrus. Ten peaks within this map (i.e. local
maxima of significant REA—fALFF correlations, >20 mm
apart) were identified; their coordinates formed the centers
of seed ROIs for RSFC analyses (Table 1 and Supplementary
Figure S1). Notably, these regions were distinct from those
in which fALFF was related to AE or CE individually
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(Supplementary Table S1 and Supplementary Figure S2),
suggesting that REA provides unique information about
the relationships between individual differences in empathic
abilities and intrinsic functional brain dynamics.

RSFC and REA

Next, we conducted RSFC analyses to identify networks
whose intrinsic connectivity was modulated by individual
differences in REA. Three overall patterns of RSFC-REA
brain—behavior relationships were observed, as illustrated
below with specific examples of each. Full results for all
seed ROIs are detailed in Supplementary Table S2.

Pattern A

Dominance of AE was associated with stronger positive
within-network RSFC, while dominance of CE was
associated with weaker positive within-network RSFC. This
pattern was observed for RSFC between the right ventral
anterior insula seed and left OFC, extending to subcallosal
cortex and amygdala (Figure 2A, left column), and between
the left amygdala seed and right OFC, extending to the tem-
poral pole and ventral anterior insula, including the location
of the ventral anterior insula seed (Figure 2A, right column).

Pattern B

Dominance of AE was associated with stronger positive
within-network RSFC, similar to Pattern A; however, dom-
inance of CE was associated with stronger negative RSFC
(i.e. greater functional differentiation, or separation among
regions or networks). For example, this pattern was observed
for the relationship between the left amygdala seed and
bilateral perigenual ACC (Figure 2B, left column), and
between the right OFC seed and bilateral paracingulate
gyrus, just rostral to perigenual ACC (Figure 2B, right
column). Patterns A and B suggest that AE dominance is
associated with stronger intrinsic functional connectivity
between brain regions involved in social and emotional
processing.

Pattern C

The converse of Pattern B, this pattern revealed that dom-
inance of CE was associated with stronger positive
within-network RSFC, while dominance of AE was asso-
ciated with stronger negative RSFC (greater functional
differentiation). For example, this pattern was observed for
the relationship between the left brainstem (pons) seed and
bilateral superior temporal gyri/sulci (STG/STS) (Figure 2C,
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Fig. 3 REA scores were significantly negatively correlated with Barratt Impulsiveness Scale (BIS) total scores (left graph) and Buss-Perry Aggression Questionnaire (BPAQ) Anger
subscale scores (right graph). Relative weakness in CE and dominance of AE was associated with higher levels of impulsivity and anger-related aggression. All tests were
thresholded using a Bonferroni correction for multiple comparisons (P < 0.05/17 = 0.003).

left column), and between the right ventral anterior insula
seed and bilateral brainstem (including the location of
the pons seed) extending to the cerebellum (Figure 2C,
right column). This pattern suggests that dominance of CE
is associated with stronger RSFC between brain regions
involved in interoception, autonomic monitoring and
mentalizing.

Again, these relationships were distinct from those de-
tected for AE or CE separately (Supplementary Table S3),
further suggesting that REA provides unique information
about the relationship between empathic ability and the
intrinsic functional connectivity of the brain.

There were no gender differences in the correlations
between REA and RSFC for any of the regions examined.

Pathological traits, REA and intrinsic functional

brain dynamics

Discrepancy between AE and CE (i.e. deficits in one but not
the other) has been associated with a range of psychiatric
conditions. We hypothesized that REA, as a measure of the
divergence between AE and CE scores, would be sensitive to
symptoms of psychopathology in a non-clinical population.
We also examined whether RSFC between brain regions sig-
nificantly associated with REA was related to measures of
pathological traits in these individuals.

The BIS, a self-report measure of general impulsiveness,
was significantly negatively correlated with REA [r(35) =
—0.48, P=0.003] (Figure 3). Relative weakness in CE (i.e.
higher AE relative to CE) was associated with higher impul-
sivity. In addition, the Anger subscale of the BPAQ, a
self-report measure of trait aggression, was significantly
negatively correlated with REA [7(32) =—0.49, P=0.003]
(Figure 3). Relative weakness in CE was associated with
higher anger-related aggression. Although there were
trends suggesting a negative relationship with CE alone, nei-
ther impulsivity nor anger scores were significantly corre-
lated with AE or CE scores individually at a threshold of
P<0.003, Bonferroni corrected for the number of tests
[BIS-AE: 1(35)=0.13, P=0.45; BIS-CE: r(35)=—0.40,
P=0.014; BPAQ-AE: r(32)=0.20, P=0.26; BPAQ-CE:
r(32) =—0.35, P=0.04]. This suggests that REA may be a

sensitive indicator of pathological traits in a population of
healthy individuals, capturing information not provided by
interrogating each dimension alone.

In addition, impulsivity and anger scores were signifi-
cantly correlated with fALFF in and RSFC between several
regions identified in the REA analyses (Supplementary Table
S4). Supplementary Figure S3 illustrates several of these sig-
nificant relationships. RSFC between the right anterior insula
and left subcallosal cortex-OFC—amygdala was significantly
correlated with both BIS and BPAQ scores. Stronger posi-
tive, within-network RSFC between these regions was asso-
ciated with higher levels of impulsivity and anger. A similar
pattern was observed between the right OFC and paracingu-
late gyrus, except only BPAQ scores were significant in this
case. Stronger positive RSFC between these brain regions,
which have been implicated in social and emotional process-
ing, was related to (i) relatively lower CE in the context of
relatively higher AE, (ii) impulsivity and (iii) anger-related
aggression.

A different pattern was observed for RSFC between the
right anterior insula and bilateral brainstem—cerebellum,
which was negatively correlated with both BIS and BPAQ
scores. Stronger negative RSFC, or greater functional differ-
entiation between these areas, was associated with higher
levels of impulsivity and anger. A similar relationship was
observed with REA—stronger negative RSFC associated with
relatively lower CE in the context of relatively higher AE. It is
interesting that relative weakness in CE, higher impulsivity
and higher anger were all associated with greater functional
differentiation (i.e. stronger negative RSFC) between brain
regions associated with the monitoring of one’s internal
bodily states and the experience of subjective emotion.
We also observed a trend toward a negative relationship
between impulsivity and RSFC between the left pons (asso-
ciated with interoception and autonomic monitoring) and
the right superior temporal gyrus (consistently implicated in
mentalizing and social cognition). These results suggest that
REA is not only sensitive to measures of pathological traits in
healthy adults, but that the intrinsic functional dynamics of
the brain that are associated with REA also show relation-
ships with indicators of psychopathology.
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In contrast, none of the subscales of the SCL-90-R,
a self-report measure of a broad range of psychological
problems and symptoms of psychopathology, were signifi-
cantly correlated with REA (all P’s>0.003). In a subset of
participants with available data, REA was not significantly
correlated with the SRS-A, an informant measure of autistic
traits continuously distributed in the general population
[r(16) =0.23, P=0.35].

DISCUSSION

Human empathy comprises both affective and cognitive
components. Here, in a sample of neurotypical adults, we
showed that the balance between AE and CE (indexed by
REA) was robustly related to the intrinsic dynamics within
and functional connectivity between brain regions associated
with social cognition, emotion processing, mentalizing,
interoception and autonomic monitoring. These patterns
were distinct from those of AE and CE separately. In add-
ition, REA was significantly associated with measures of ag-
gression and impulsivity, pathological traits previously
related to empathic deficits (Miller and Eisenberg, 1988;
Reniers et al., 2011)—relationships again not observed with
AE and CE alone. As demonstrated for individual differences
in other personality and behavioral tendencies (Di Martino
et al., 2009; Kunisato et al., 2011b), our results suggest that
one’s propensity toward affective or cognitive empathy is
reflected in the intrinsic functional architecture of the brain.

Dominance of AE, and relative weakness in CE, was asso-
ciated with stronger within-network functional connectivity
in social-emotional networks, including a ventral anterior
insula-OFC—subcallosal ~ cortex—amygdala network, an
amygdala—OFC—temporal pole-ventral anterior insula net-
work, an amygdala—perigenual ACC network, and an
OFC—paracingulate gyrus network (Figure 2A and B).
Previous studies have implicated these brain areas in emo-
tional and empathic processing. Singer et al. (2004) reported
that a similar region of anterior insula (though with a
slightly more dorsal peak) was activated both when
experiencing pain and when observing a loved one in pain,
which also correlated with self-reported AE. Reciprocal
connections between the ACC, amygdala and ventromedial
prefrontal cortex are proposed to underlie the ability to
understand the emotional states of others (Decety, 2010).
Specifically, the right anterior insula, along with OFC,
is involved in the subjective awareness of feelings and
emotions (Craig, 2002), emotional and empathic processing
(Kurth et al., 2010) and uniquely recruited during affective-
perceptual (i.e. automatic, incidental) empathy tasks
(Fan et al., 2011).

Disruption to the normal function of and functional con-
nections between these brain regions are observed in several
disorders. Individuals with high functioning autism exhibit
reduced RSFC between the right anterior insula and amyg-
dala relative to typically developing controls (Ebisch et al.,
2011). Both psychopathic criminal offenders and patients

C.L.Coxetal.

with OFC lesions exhibit similar impairments in affective,
but not cognitive, ToM tasks (Shamay-Tsoory et al., 2010);
and compromised functional integrity of the amygdala and
OFC systems are thought to contribute to the development
of psychopathy (Blair et al., 2006). In addition, patients with
schizophrenia were impaired in integrating the cognitive and
affective components of ToM, which correlated with per-
formance on a task indexing OFC functional integrity
(Shur et al., 2008).

In contrast, dominance of CE, and relative weakness
in AE, was related to stronger within-network RSFC in
social-cognitive and interoceptive networks, including a
brainstem (pons)-STG/STS network and a ventral anterior
insula—brainstem (pons and medulla)—cerebellum network
(Figure 2C). The anterior insula, brainstem (specifically the
pons) and cerebellum are active during both the experience
of pain and observation of another person in pain (Singer
et al., 2004). As described above, the anterior insula is impli-
cated in the experience of subjective emotion, thought to be
based on the re-representation of the interoceptive state of
one’s body (primarily represented in the posterior insula),
which in turn allows for the mental evaluation of emotions
and feelings (Craig, 2002). The pons is involved in auto-
nomic monitoring and interoception and is connected
with other brain regions involved in these processes, such
as the insula (Critchley, 2005). The role of the cerebellum in
social cognition is increasingly appreciated; lesions to the
posterior vermis and cerebellar hemispheres result in em-
pathy and ToM deficits (Gerschcovich et al., 2010). During
an empathy-for-pain task, individuals with alexithymia (i.e.
difficulty in recognizing and expressing one’s own emotions)
exhibit increased activation in the anterior insula and
decreased activation in the pons and cerebellum compared
to healthy controls (Moriguchi et al., 2007).

Our results suggest that individuals with relatively high
AE and relatively low CE show the greatest functional dif-
ferentiation between these two networks (ventral anterior
insula and pons-cerebellum), i.e. their intrinsic activity is
anticorrelated, or out of phase. Conversely, individuals
with relatively high CE and low AE show less functional
differentiation and increased functional integration between
the two networks. It is noteworthy that the same ventral
anterior insula seed exhibited significant brain—behavior re-
lationships with both a dominance of AE and of CE, but with
distinct brain networks. Stronger AE was associated with
stronger RSFC between the ventral anterior insula and
social emotional regions (OFC-subcallosal cortex—amyg-
dala), while stronger CE related to stronger RSFC with
interoceptive and social cognitive regions (brainstem—
cerebellum). These findings suggest that the intrinsic func-
tional dynamics of the ventral anterior insula may be
uniquely sensitive to individual differences in REA, likely
reflecting its putative function as a critical interface between
experiencing our own and understanding others’ emotions
(Keysers and Gazzola, 2007).
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Stronger RSFC between the pons and bilateral STG/STS
was also related to dominance of CE. These superior tem-
poral cortical regions have been consistently implicated in
ToM or mentalizing. The STS is a core region of the ToM
network (Carrington and Bailey, 2009) and is part of a dis-
tributed network of regions involved in empathy (Decety,
2010). Activation in the STS has been specifically related to
CE and not AE (Hooker et al., 2010). Therefore, it is inter-
esting that we observed stronger RSFC between the pons
(involved in interoception) and the STS/STG in individuals
with relatively stronger CE and weaker AE, while those with
stronger AE and weaker CE showed more functional differ-
entiation between these regions.

Notably, other measures of pathological traits exhibited
significant relationships with REA, and with the intrinsic
functional dynamics of brain regions associated with REA.
Participants with relatively weaker CE and relatively stronger
AE reported significantly greater impulsiveness and
increased levels of anger-related aggression compared to
those with relatively stronger CE and weaker AE, and these
relationships were echoed in the brain. Neither AE nor CE
scores alone were significantly related to these measures of
psychopathology, suggesting that the relationship between
these empathic dimensions is uniquely predictive of
pathological traits. These results suggest that REA is not
only sensitive to behavioral indices of psychopathology,
but that these relationships are also reflected in the intrinsic
functional architecture of the brain.

All of the brain—behavior relationships observed in the cur-
rent study were unique to individual differences in relative
empathic ability. Supplementary analyses (Supplementary
Tables S1 and S3) using absolute AE and CE scores individu-
ally revealed brain—behavior relationships that were distinct
from those observed with REA. In addition, REA proved to
be a more sensitive index of psychopathology than either AE
or CE alone. These results suggest that relative measures of
empathy should be considered in neuroimaging, clinical and
psychiatric studies, and that they can elucidate both healthy
and pathological patterns of relationships that previously
may have been obscured.

Although we observed predicted relationships between
REA and the intrinsic functional architecture of the brain,
further work is needed to conclusively link these associations
to behavior. Unfortunately, we did not have objective behav-
ioral data in these subjects (e.g. task performance) to sup-
plement the self-report measures. However, the IRI is widely
used, reliable and has good construct validity as a measure of
empathic behavior (Davis, 1983). Finally, given consistent
demonstrations of CE deficits in autism spectrum disorders
and AE deficits in psychopathy, measuring autistic and/or
psychopathic traits would have been of interest. Although we
collected a measure of autistic traits continuously distributed
in the general population (the SRS-A) from a subset of par-
ticipants, we were limited by a relatively small sample size
(n=18) and did not observe any significant relationships
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with REA. Future studies will address these limitations
with larger sample sizes and more varied measures of psy-
chopathology, and will include clinical populations, such as
individuals on the autism spectrum or those at risk for or
exhibiting antisocial/psychopathic traits.
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